Abstract. Leak detection is always interesting research topic, where leak location and leak rate are two pipeline leaking parameters that should be determined accurately to overcome pipe leaking problems. In this research those two parameters are investigated by developing transmission pipeline model and the leak detection model which is developed using Artificial Neural Network. The mathematical approach needs actual leak data to train the leak detection model, however such data could not be obtained from oil fields. Therefore, for training purposes hypothetical data are developed using the transmission pipeline model, by applying various physical configuration of pipeline and applying oil properties correlations to estimate the value of oil density and viscosity. The various leak locations and leak rates are also represented in this model. The prediction of those two leak parameters will be completed until the total error is less than certain value of tolerance, or until iterations level is reached. To recognize the pattern, forward procedure is conducted. The application of this approach produces conclusion that for certain pipeline network configuration, the higher number of iterations will produce accurate result. The number of iterations depend on the leakage rate, the smaller leakage rate, the higher number of iterations are required. The accuracy of this approach is clearly determined by the quality of training data. Therefore, in the preparation of training data the results of pressure drop calculations should be validated by the real measurement of pressure drop along the pipeline. For the accuracy purposes, there are possibility to change the pressure drop and fluid properties correlations, to get the better results. The results of this research are expected to give real contribution for giving an early detection of oil-spill in oil fields.
Introduction

Background
Leaking in pipeline network in Indonesian oil fields are becoming and increasingly serious issues especially in old oil fields, either onshore or offshore. Considering the environmental issues, leak problems should be avoided by conducting leak detection, either in terms of amount of leakage or the leak locations. There should be some methods to determine those two leak parameters, as soon as possible, that could be used as operational parameters to overcome pipe leaking problems. This research would cover wide ranges of pipe leaking problems, especially for leak location and leakage rate.
Objective
The main objectives of this research project are developing method to estimate leak location and leakage rate, by developing model to simulate leak detection in oil transmission pipeline using a new approach based on Artificial Neural Network. The model then further develops as software, which could be used to determine the leak(s) location and the leakage rate. The results of this research are expected to give real contribution for giving an early detection of oil-spill in oil fields.
1.3
Scope of Work
The scope of work of these research activities consists of:
• Literature study, which emphasized in the leak models developments. The supporting methods that are related to the development of leak models had also been studied, such as fluid flow in pipes which represent pipeline flow for single phase that is oil flow. This study also includes gathering information from oil fields, which have pipeline system. The information from oil fields enriched the model and represents the main conditions of pipeline.
• Mathematical modeling development; there are two models which had been prepared in this research that are the oil pipeline model and the leak detection model. The oil pipeline model is basically pipeline network model, which simulates the oil flow in pipeline network and predict the pressure distribution along the pipe without and with leaking conditions, at a certain flow condition. The leak is represented by a branch of pipe, with certain diameter. The pipe branch could be located at any point along the main pipe, and under certain leakage rate, the pressure distributions along the pipe are calculated. Using this model, the pressure distribution, with or without leaks, is determined. The model produces enough data for any leak conditions, and the data will be used to train the leak detection simulator. The leak detection model is formulated based on the mathematical formulation, based on the artificial neural network. According to the artificial neural network method, the model should be trained using the actual leaking data. Since, such kind of data is not available in oil field in a large numbers, than hypothetical leaks data are developed, using the oil pipeline model. The detail development will be discussed in the next chapter.
• Generating hypothetical data and collecting data from field; the hypothetical data had been generated using the oil pipeline model, with various conditions of pipeline and leaking problems. The actual field data for leak problems are not easy to find, but there is one leak problem that has been recorded in an offshore oilfield. This data will be used for validation purposes.
• Software development to predict the leak problems, based on the results of oil pipeline model, and the mathematical modeling, the software to predict the leak problems was developed. The software consists of leak detection model, and sub-routine which contains pipeline leaks hypothetical data which are generated using the oil pipeline model. • The model validation had been conducted by comparing the field data and hypothetical data to the calculation result using the software. The prepared hypothetical data for validation are developed using the oil pipeline model, which are different with the hypothetical data for training purposes.
Report Organization
This paper consists of four sections. Section 1 is this introductory note. Section 2 reviews the existing methodologies. Preliminary study for leaking pipeline presented in Section 3, and Section 4 presents the proposed method from this research.
2
Review of Previous Leak Detection Methods
Many papers have been published as results of researches concerning leak detection in pipeline. Those papers had been studied, as part of this research activity, and a brief review about the previous publication of leak detection methods are presented in this paper. Based on the papers that had been studied, the leak detection methods can be classified into three categories, that is:
• hardware based methods • biological methods • software based methods Schematically the pipeline leak detection methods could be discussed as shown in Figure 1 , where the methodology of each method is presented.
Every leak detection method, which will be presented on this Section, was developed using different approaches, therefore every of method has advantages and disadvantages. For comparing the performance of those methods, it is necessary to define the key attributes of a leak detection problem. The parameters that were used to assess leak detection methods are as follows:
• Based on those parameters, the comparison between every method is shown in the following Table 1 .
Based on the comparisons it could be concluded, that most of the methods were developed based on the phenomena of fluid flow in pipes, and human resources dependent. In this research, it is quite close to Biological Approach, by using the phenomena of fluid flow in pipes, but the leak detection is determined by using the software that developed based on the artificial neural network. For detail discussions about these methodologies, please refer to [1] .
The Development of Mathematical Modeling
The first stage in these research activities is the model development of leak problem in an oil pipeline. The model will be developed by taking into consideration that a leak is treated as an outlet segment, in a part of a pipeline network. The outlet segment has certain diameter and very short length. In the model, the diameter of the outlet segment will represent the size of leak, where the diameter could be adjusted to represent the leak opening. The length of outlet segment is taken short, short enough to make the pressure drop effect along the short segment is negligible, compared with the pressure drop along the main line. A mathematical model for the network pipeline will be represented by single phase (oil) pressure drop equation in a pipeline, Kirchoff's law for representing the network pipeline, Swamee and Jain's Correlation for friction factor determination. The oil properties which are included in the pressure drop calculation will be estimated by using Standing's Correlation for calculating oil density and Glasso's Correlation for determining oil viscosity. Based on this model, the leak in the oil pipeline could be simulated, with various leaking conditions, which are the leak location and the leaking rate of oil. In a real life, it is quite difficult to locate the leak point, when it happened. However, based on the result of pipeline simulation, the pressure distribution in the pipeline due to leak problems show certain patterns, which could be used as references for determining the leak location in the pipeline. The pressure distribution patterns could be used to predict the location of pipeline leaks by using Artificial Neural Network Method, where this method replicates human intelligence. The method could be trained to identify the leak location based on the pattern of pressure distribution in the pipeline, due to leak problems. The following discussion concerning the model development will be conducted in detail, which will be used as the main references in the model development.
Artificial Neural Network Method
Artificial Neural Network Method (ANN) is a relatively new method that tries to replicate human intelligence. By giving ANN some sets of data, it can recognize patterns in those data. This method represents a significant departure from the conventional approach to model development. In this model a set of equations are not necessary required, but the method will process the provided data concerning the pressure distribution in the pipeline which has leaking problems. The pressure distributions are represented by the input and the output conditions in the pipeline that consist of pressure and flow rate.
The conventional mathematical and statistical model links the inputs to the outputs via explicit equations. Therefore if the equations are not correct, or if the parameters are incorrect, or if the functions are miss-specified, then the conventional model will not work. The task is hard because the model development has to be done by experts and often their models become compromises due to lack of knowledge or to simplify the problems due to lack of data or reliable computational tractability. The neural network performs the same function as the conventional model but the ANN model should learn to relate the inputs to the outputs without being given any explicit equations.
The ANN is trained to recognize patterns of pressure distribution, that will be used as references to locate the leaking point. This involves providing the network with input values for which the corresponding output value is known. The desired result is then 'back-propagated' from the output nodes through the intermediate nodes to the input nodes. The weight values are modified to encourage the network to produce the right output for the input supplied. In this way, the weight values come to represent patterns in the data.
Among the different Artificial Intelligence structures, Back Propagation Neural Network (BPNN) by Rumelhart, as mention by Freeman, et.al. [3] is the most popular one because of its applicability in many different areas. The following are training procedure for BPNN using gradient descent: 
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The training will be completed until the total error is less than certain value of tolerance, or until some iteration level is reached. To recognize the pattern, forward procedure is conducted.
Because the characteristic of ANN is to recognize pattern of pressure distribution in the pipeline which has leaking problem, then the ANN could also be used to detect leak. By training the machine about the condition of normal (without leaking conditions) and abnormal (with leaking conditions) pressure distribution data, then the leak location could be detected, when a leak problem occurred. If information about location and leak rate which are related to the abnormal pressure distribution data is being given on the training phase, the method would not only able to predict the occurrence of leak, but also able to predict the location of leaking point, if a set of actual pressure distribution data is given.
ANN requires as many pressure distribution data under leakage condition as possible for its training phase. The prepared data for training would be better if it is originated from the real field data. Unfortunately, such data are difficult to obtain. Therefore, for these training purposes the pressure distribution data with leaking conditions were generated using the pipeline model that is the pressure point analysis method.
The Pressure Point Analysis Method
The basic flow equation of oil in pipeline is used in the development mathematical model of fluid flow in pipe. The model will be used to predict the pressure distribution along the pipe under normal condition (without leaking condition).
The further derivation of the mathematical model yields a system of equations which are consists of three continuity equations. For solving the problems the following assumptions are implied:
1. the study considers that the main pipeline is treated as one segment of pipe, 2. there is only one leak in the pipeline, 3. the flow is steady state, horizontal, 4. the flow could be laminar or turbulent, and 5. the flow condition is isothermal.
Derivation of the developed model can be explained by considering one segment of pipe, as shown in Figure 3 . The pressure drop of oil in a segment of horizontal pipe, which has L in length and d in diameter, can be expressed as follow:
Considering a simple pipeline network as shown in Figure 3 and in normal condition (without leak in pipe), the pipeline consists of the 0 -2 segment, and the segment 1 -3, is neglected. At this condition, the oil pressure drop equation along the segment of the pipe is represented by
If a leak is exists in the pipeline, where the location and the size of leak is represented as a branch in the main pipe to form a network pipeline, then the pipeline network configuration could be divided into three segments, that is segment 0 -1, 1 -2 and 1 -3, as shown in Figure 3 In there is a leak in the pipeline, the leak is considered as a new segment, where in Figure 3 , it is shown as segment 1-3. The segment that representing leak, is assumed to have outlet pressure, P 3 , equal to atmospheric pressure i.e. 14.7 psia. For the case of offshore pipeline, the outlet pressure could be estimated by the sea hydrostatic pressure, which is depending on the depth of the seafloor of the sea bottom. 
In the equations (2), (3) and (4), the values of all variables are known, except for 1 P and x. By solving these equations, the unknown variables can be determined.
For solving the equations, the oil properties should be calculated. Since, the oil properties are depend on pressure and temperature, then the available correlation, such as for calculating the oil density Standing's correlation is used. Similarly the Glaso's correlation is applied to determine the oil viscosity. Each of the correlation is as follows:
Standing's Correlation
The oil density, at a given pressure and temperature, is determined using the Standing's Correlation (1981), which can be written as: 
Glasso's Correlation
The oil viscosity is determined using Glasso's Correlation as follows: 
The basic oil properties data which are required to calculate pressure drop consists of o API gravity of oil, besides pressure and temperature at the intake of pipe.
For oil flow in pipes, where the pipe has D in diameter and L in length and if the oil has certain density and velocity, then, in general, the pressure drop along the pipe could be represented by the following equation:
If i and j representing intake point and discharge point, respectively, at a certain segment of pipe, then equation (12) could be written as the following equation:
It is understood that the direction of flow is from the high to low pressure point, and the other major constraint is that mass must be conserved. Therefore, the net flow into each node must be zero. In equation (12), v is the average velocity, and should be related to the mass or volume flow rate. The mass flow rate can be expressed as The friction factor, f ij , in equation (15) could be determined based on Swamee and Jain's Correlation, which is depending on the value of Reynold's Number. The equation for calculating the Reynold's Number is as follows:
For turbulent flow i.e. 
Therefore, using equation (21), the conservation of mass at node j can be written as:
where the summation is over all nodes i that connect to node j. In general case,
Thus, at each node where the pressure is unknown, then the pressure could be represented by,
Once the pressures are determined the flow rates can be found from equation (19).
Development of the Proposed Leak Detection Method
After completing the mathematical model development, the main software that consists of two parts, which are the artificial neural network and the pressure point analysis, are developed. The development of the main software, including generating the data for training, has been successfully conducted, and in this Chapter the performances of the main software are shown.
Based on the pre-determined pipeline model as shown in Figure 3 , this model will be tested to estimate the location of leak position. At the first stage, using the pressure point analysis method, data generation for training the model is conducted. The following procedure is conducted in generating the data. Based on the procedure to generate the data for training, a set of pipeline configuration is introduced. Table 2 shows range of pipeline data that consists of flow rate, inlet pressure, fluid properties, pipe length and diameter.
The length of pipe is divided into 10 nodes, and leak locations are varied and positioned on node. Therefore, for 10 nodes, there are 10 possibilities of leak location that each leak position will produce certain pressure distribution. The example results of data generation are shown in Table 3 , that shows the intake and discharge pressure, for several pipe diameter (12", 16", 20", and 24"), and leak position, which covers wide ranging of pipe length. The leakage rates are also varied, as shown in the first column in Table 3 . Using the prepared data the software is trained to determine the leak location. After training, the Artificial Neural Network would be able to predict the position of leak based on the information which has been fed into the software. There is some consideration during training stages that is the total error (the difference between ANN predictions with the data sample). If the total error decreases, it could be concluded that the prediction approaches the right answer.
On the other way, if the total error is large but decreases, the calculation could be continued by applying higher number of iterations. The prediction of leak location is shown on Figure 4 , where the blue dots are obtained from the ANN software, and the red dots are the target values from the data. 
Conclusion
• The accuracy to predict the leak location depends on the variety of data which are provided for the training. In this case the variety of data consists of pipe length and diameter, flow rate, intake pressure, and discharge pressure. If the input is not in the range of data for training, then the results would be inaccurate.
• In case the real field data concerning the pressure distribution due to leak problems were not available, then the data for training may be generated using the network pipeline model, based on the existing pipeline network and the actual oil properties. The leak locations are defined hypothetically and the pressure point method is used to calculate the pressure distribution. Since the generated data were developed based on certain configuration of pipeline network, then the Artificial Neural Network method could only solve the problems for that certain configuration. So, if the pipeline has different configuration, then the data training could not be used anymore. In other words, if the pipe configuration is changed, then the new data training should be prepared.
• The accuracy of leak location prediction is also determined by the number of iteration. Higher number of iterations would produce more accurate solutions.
• For wider coverage of solving problems, variety of data could be applied when developing data for training. The input data to generate pressure distribution are not only limited to the existing configuration of pipeline network, but the input data could be extended to cover different diameters of pipeline, intake and discharge pressures, lengths of pipe, and flow rates. The artificial neural network method would be able to determine the leak location for pipeline configuration in the range of the input data. However, the training time would be longer, since the training process covers a lot number of data.
Suggestion
• The data preparation for training the software, depend on the complexity of network pipeline configuration. For simple network pipeline, as shown in this example, takes some times to prepare the data. For higher complexity of pipeline configuration it would take longer time. Therefore, there should be better approach in generating data for training for higher complexity of network pipeline configuration.
• The proposed method has limited ability that it works only for certain pipeline configuration. In the real conditions, there are many possibilities of pipeline configuration. Based on this real condition, there should be certain data for training that would be prepared. Further researches should be conducted to find dimensionless groups of variable that could represent any kind of pipeline network configuration, which become the general data that will be provided for the training. If it is possible, then general software to determine the leak location in a pipeline network could be developed, using a general data for training.
